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BACKGROUND OF THE INVENTION 

5 The present invention relates to a biosensor capable of rapidly quantifying a specific component in a 
sample, particularly a biological sample, with high accuracy in a simplified manner, and to a method for 
producing the same. 

2. Description of the Prior Art 

70 

Heretofore, as a system capable of rapidly quantifying the specific component in a sample solution with 
high accuracy, there has been known a biosensor (for instance, Japanese Laid-Open Patent Publication No. 
Hei 3-202,764) which will be described below. 

The disclosed conventional biosensor is configured by forming an electrode system composed of a 

75 measuring electrode and a counter electrode on an electrically insulating base plate, then forming thereon a 
reaction layer comprising a hydrophilic polymer, an oxido-reductase and an electron acceptor, and 
thereafter forming a hollow space constituting a sample supplying channel of the sensor by combining a 
cover and a spacer with the base plate. 

When the sample solution containing a substrate to be quantified is contacted with an inlet of the 

20 sample supplying channel, the sample solution is rapidly introduced into the reaction layer due to a 
capillary phenomenon of the above-mentioned hollow space to dissolve the reaction layer. Then, the 
substrate is allowed to react with the enzyme contained in the reaction layer and the electron acceptor is 
reduced. Upon completion of the enzyme reaction, the reduced electron acceptor is electrochemically 
oxidized to produce an oxidizing current, and based on the value of the oxidizing current obtained with this 

2$ oxidation reaction, the concentration of the substrate contained in the sample solution can be determined. 

Further, the disclosed biosensor is produced by the steps of forming the electrode system on the base 
plate, forming the reaction layer on the electrode system and combining the cover and the. spacer with the 
base plate, the electrode system and the reaction layer to form the hollow space. 

In the configuration of such prior art biosensor, the hollow space formed between the cover and the 

30 base plate is tubular-shaped, and therefore the supplied sample solution only contacts a part of the reaction 
. layer that is substantially identical with an outer shape of the electrode system. Therefore, ah area occupied 
by the region of the reaction layer actually dissolved in the sample solution can never be made constant, 
thereby to create a cause for deteriorating a sensor response-reproducibility of the sensor. Further; 
according to a production method composed of forming the reaction layer by titrating a solution containing 

35 the oxido-reductase on the electrode system and drying the titrated solution, it is difficult to form a 
homogeneous reaction layer because of overflowing of the solution outside the electrode system. 

SUMMARY OF THE INVENTION 

40 The primary object of the present invention is to provide a biosensor that allows rapid and simplified 
quantification of a specific component contained in various biological samples with high accuracy. 

It is another object of the present invention to provide a biosensor having a high sensor response- 
reproducibility. 

It is still another object ol the present invention to provide a method for producing such biosensor that 
45 can form a homogeneous reaction layer in a simple operation. 
The present invention provides a biosensor comprising: 
an electrically insulating base plate, 

an electrode system including a working electrode and a counter electrode which are provided on a 
principal face of the electrically insulating base plate, 
so a reaction layer including at least an qxido- reductase, and 

an enclosure member having a hollow space constituting a sample supplying channel on the electrically 
insulating base plate, 

wherein substantially the whole part ol the reaction layer is exposed to the hollow space. 
The present invention also provides a method for producing a biosensor comprising the steps of: 
55 forming an electrode system including a working electrode and a counter electrode on an electrically 
insulating base plate, 

partitioning the electrically insulating base plate so as to define a section wherein the electrode system 
is to be exposed by combining an enclosure member with the electrically insulating base plate, and 
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purpose): 

The structure of this biosensor is as follows. 

An electrically insulating base plate 1 made of polyethylene terephthalate is provided with a pair of lead 
conductors 2 and 3 formed by printing a silver paste by a screen printing process. On the base plate 1, 
5 there are provided a working electrode 4 and a counter electrode 5, which constitute an electrode system 
formed by printing using an electrically conductive carbon paste including resin binder. After formation of 
the lead conductors 2 and 3, an electrically insulating layer 6 is formed using an electrically insulating 
paste. The electrically insulating layer 6 is provided in order to maintain a constant area (about 1 mm 2 ) of 
the exposed region of the working electrode 4 and partly cover the lead conductors 2 and 3. 
w On the electrode system formed on the base plate 1, there is provided a reaction layer 7 which is in 
close contact with the electrode system. The. detailed construction of the reaction layer will be described in 
the concrete examples below. 

An enclosure member 10 comprising a slotted spacer 8 and a cover 9 is adhered to the base plate 1 in 
a positional relationship as indicated by the single chain lines ^16.2. The slotted spacer .8 and the cover 9 
rs define a hollow space on the electrically insulating base plate which constitutes a sample supplying channel 
12 which will be described later. 

As shown in FIG.2, the slotted spacer 8 has an elongated slot 11 which includes an approximately 
rectangular sample supplying inlet 11a at its right end (in the figure) and an arcuate part 11b. The inlet 11a 
is an open end for the sample supplying channel 12. The arcuate part 11b is provided just over the 
20. electrode system and is shaped in conformity with an outer shape of the electrode system. The left or 
farthest part of the slot 11 lies just under an air vent 13 provided on the cover 9. 

Substantially the entire reaction layer 7 is exposed to the hollow space 12 defined by the spacer 8 
between the upper face of the base plate 1 and the cover 9. That is, substantially the entire reaction layer 7 
. is placed in the arcuate part 11b of the rectangular slot 11 including the sample supplying inlet 11a of the 
25 sensor. It is therefore preferable that the diameter of the above-mentioned arcuate part lib is approximately 
equal to the diameter of the counter electrode 5 and that the reaction layer 7 is formed on the entire region 
in the arcuate part 11b. 

Conventionally, since the slot 1 1 has been formed straight, the reaction layer 7 is partially covered by 
the spacer 8. Consequently, it has been impossible to expose the entire surface of the reaction layer 7 to 

30 the sample supplying channel 12. If the width of the slot 11 is increased in order to expose the entire 
surface of the reaction layer 7 to the sample supplying channel 12, the sectional area of the sample 
supplying channel 12 is increased. As a result, it becomes difficult to introduce a sample solution to the 
reaction layer 7 only by bringing the sample solution into contact with the open end of the sample 
supplying channel 12 through the capillary phenomenon of the sample supplying channel 12. 

35 In the below-mentioned embodiments, the width "d" of the slot 11 is 2.0 mm, the diameter of the 
circular section including the arcuate part 11b is 3.8 mm, and the height "h" of the sample supplying 
channel 12, that is, the thickness of spacer 8, is 0.4 mm. Preferably, the sample supplying channel 12 
should have such sectional area, ie., d x h, that readily allows introduction of the sample solution to the 
reaction layer 7 by simply bringing the sample solution into contact with the open end of the sample 

40 supplying channel 12. 

In order to make the sensor in such a preferable configuration, it is advantageous to form the reaction 
layer 7 after the spacer 8 is combined with the base plate 1, in the case that the reaction layer is formed by 
titrating a solution, particularly an aqueous solution containing a hydrophilic polymer, followed by drying the 
titrated solution. It is also possible to form the reaction layer 7 having a predetermined . size at a 

45 predetermined position on the base plale and then combine the base plate with the enclosure member, by 
adequately adjusting the titrating amount and the viscosity of the solution for forming the reaction layer. 

Although the enclosure member 10. in the above-mentioned configuration is constituted with two 
components of the spacer 8 and the cover 9, another configuration may alternatively be adopted such that 
the enclosure member is formed by molding it in a combination of the spacer 8 with the cover 9 into a 

so unitary body for the sensor configured by employing the latter process of forming the reaction layer. 
Further, in some instances, the spacer may solely serve as the enclosure member. 

Example 1 (Fructose Sensor I) 

55 First, an electrically insulating base plate 1 made ol polyethylene terephthalate and provided with a pair 
ol lead conductors 2 and 3, an electrode system composed ol a working electrode 4 and a counter 
electrode 5, and an electrically insulating layer 6 was prepared. In this example, an area occupied by the 
region ol the working electrode 4 to be exposed was about 1 mm 2 . 
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prepared by dissolving 1000 U of FDH as the enzyme and 33 mg of potassium ferricyanide as the electron 
acceptor in 1 ml of phosphoric acid-citric acid buffer solution (0.2M Na2HP0 4 - 0.1 M CbH*(OH)(COOH)3, 
pH = 5.0) containing CMC by 0.5 wt%, and thereafter drying the titrated solution in a warm-air dryer at 50 * C 
for to minutes. In this case, the diameter of the outer periphery of the reaction layer was about 3.6 mm 
5 which was approximately in conformity with the diameter of the counter electrode. 

After forming the reaction layer 7 in the above-mentioned manner, a cover 9 was adhered to the spacer 
8 in a positional relationship as indicated by the single chain lines in FIG.2. 

Different from the manner in Example 1, the spacer 8 and the cover 9 are adhered separately in this 
example. Although this makes the manufacturing process of the sensor slightly complicated, it is possible to 
io form a more homogeneous reaction layer 7, because the process ensures maintaining constant expansion 
of the reaction layer by the spacer 8. 

When 3 ul of fructose aqueous solution as the sample solution was supplied through the sample 
supplying inlet 11a of the fructose sensor produced in the above-mentioned manner, the sample solution 
rapidly reached a part which was immediately under the air vent 13. and the reaction layer 7 on the 
75 electrode system was dissolved therein. 

At a given time after the supply of the sample solution, a pulse voltage of +0.5 V on the basis of the 
voltage at the counter electrode 5 was applied to the working electrode 4. and the anodic current value 5 
seconds after the application was measured. Thereby a response current value, which was proportional to 
the concentration of fructose contained in the sample solution, was obtained. 

Example 3 (Fructose Sensor III) 

Since the sensor of this example is the same as that of Exam'ple 2 except for the composition of the 
reaction layer.7, an illustration will be made here only on the reaction layer 7. 
25 The spacer 8 was adhered to the base plate 1 on which the electrode system had already been printed 
in a positional relationship as indicated by the single chain lines in FIG.2 and in a mariner similar to that in 
Example 2. Thereafter, the CMC layer was formed on. the above-mentioned electrode system of the base 
plate 1, by titrating a 0.5 wt% aqueous solution of CMC and then drying the titrated solution. Then, a first 
layer was formed on the above-mentioned CMC layer by titrating 4 ul of a mixed solution. The mixed 
30 solution was prepared by dissolving 1000 U of FDH as the enzyme in 1 ml of phosphoric acid-citric acid 
buffer solution (0.2M Na^PO* - 0.1M C 3 H 4 (OH)(COOH)3. pH = 5.0) containing CMC by 0.5 wt%. Then, the 
titrated solution was drted in a warm-air dryer at 50'C for 10 minutes. Thereafter, a second layer was 
formed by titrating 4 ul of 0.5 wt% ethanol solution of polyvinyl pyrrolidone (hereinafter referred to as 
"PVP") as the hydrophilic polymer, followed by drying the titrated solution at room temperature. Subse- 
ts quently, a third layer was formed on the above-mentioned second layer by titrating 3 ul of a toluene 
dispersion, which was prepared by dispersing 190 mg of potassium ferricyanide as the electron acceptor in 
toluene containing egg-yolk lecithin by 1.0 wt%, followed by drying the titrated dispersion at room 
temperature. 

In this example, the reaction layer 7 is composed ol the above-mentioned first, second and third layers. 
40 Also in this case, the diameter of the outer periphery of the reaction layer 7 was about 3.6 mm and 
approximately in conformity with the diameter of the counter electrode. 

The sensor of this example has the reaction layer 7 of a laminated structure composed of three layers 
and its manufacturing process is further complicated than that of Example 2. Since the first layer containing 
the enzyme is separated from the third layer containing the electron acceptor by the second layer 
45 containing the hydrophilic polymer, the enzyme is not in direct contact with the electron acceptor, and 
therefore, this configuration has an advantage that possible deterioration in the enzyme activity can 
effectively be prevented during a long-term storing. 

When 3 ul of fructose aqueous solution as the sample solution was supplied through the sample 
supplying inlet 11a of the fructose sensor produced in the above-mentioned manner, the sample solution 
50 rapidly reached a part which was immediately under the air vent 13, and the reaction layer 7 on the 
electrode system was dissolved therein. 

At a given time alter the supply ol the sample solution, a pulse voltage ol + 0.5 V on the basis ol the 
voltage at the counter electrode 5 was applied to the working electrode 4 and the anodic current value 5 
seconds after the application was measured. The measurement gives a response current value which was 
55 proportional !o the concentration ol fructose contained in the sample solution. 
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Example 4 (Glucose Sensor I) 

Firs., an illustration will be made on the preparing process of the glucose sensor The configuration of 
s Z££T" eXamP ' e 15 ^ 35 ^ 1 ,W s ^.compJn,s T£ 

*J??J1 e " °' ' he P ' a,e 1 ' 3 0 5 wt% af}ueous so,u,io " °« CMC was titrated and then 
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5S? T 4 W ' °' 3 T d Prepafed by diSS ° Mn9 ^-se oxidase (henLnHS fo^ 

ro soTJ en2ym ! P0 ' aSSiUm ,er, ' Cyanide 38 •»* e, ^ ,ron »«W a "d 'he" drying the l.ra.e^ 

7 T~ *T a ' 5 °' C ** 10 mi " U,eS ,h ' S CaSe - ,he diame,er «* °"'er pe'phery o, he 
SZT. atoUt ^ ^ ^ ™o™*e* in conformity with the ^ter^^S 

When the above-mentioned, mixture of the GOD and the electron acceptor was titrated on the rtuir 
layer, the Hrst-formed CMC layer was once dissolved and then converted into the reTclfon a ye 7 „ a state 
rs of be,ng m.xed w,.h the enzyme and the other components in the mixture during the subLlen" drtinn 
process. However, since a completely mixed state was not reached because of no S »™ Z 

Z^'^T " ° n ' y ^ ' ayer *"* C ° Vered "» Surface °» » iJffSi 
indicS^ 

When 3 ul of glucose aqueous solution as the sample solution was supplied throuqh the samnle 
supp y,ng ,r*a 1,a of the glucose sensor produced in the above-mentioned mTnner. E2£ sollon 
mp-dty reached a par, which was immediately under the air ven, 13. and the reaction feyer 7 ot he 
electrode system.was dissolved therein. y ,ne 

.. At a given time after the supply of the sample solution, a pulse voltage of + 0.5 V on the basis of the 
vonage a the counter electrode 5 was.app.ied to the working electrode 4. and the anodic cuVrer5^L ^ 

«7o n a 7l ^ '° ° b,ain 3 reS f™ se cu "en« value whL was 12 

tional to the concentrate of glucose contained in the sample solution * P 

oxid^bv'ThJ GO^ rt ,aye H diSS °,' Ved " SamPte S0,l " i0n ' ,he 9 ' UC0Se in ,he sam P ,e *"»«°n -as 
2?« ^ k , Pr ° dMCe 9 luconolac,0 " e - Then, potassium ferricyanide was reduced to potassium 
ferrocyan.de by electrons shifted by the oxidation reaction effected by the GOD. Thereafter an Sda Z 

voS tfjzszT*r ,errocyanide B ~ d upon ^ n ° ( *° 

quanted corresponded to the concentration of glucose, which is the substrate to be 

tJZS^ZT nT" SUbS,an,ia "* ,he en,ire taction .aye, is exposed to the ho.low space 

Znn V k f P . ' he C0V6r 35 in ,WS examp,e is named " A "- A 9lucose sensor of the prior art 

tht sLo e T K h0 ' l6W 3 9 ' UC0Se SenS0 ' havin 9 a *• ™ shown in FIG 2 wherein 

SLZftXST Cha " nel " ^ arC03 ' e Part ' 1b - iS " amed " 8 " Va "*nces in the respond 
obtamed with these sensors are compared in terms of the coefficient of variance and the resuHs am 

nS 1 be '° W - ^ re,a,i ° nShiP be,Wee " ^ 9,UCOSe C ~ a ' i0 " a " d 'he'etrcirn 6 

response^relnh^l ^ ™* * ? C ' ea,,y Undm,00d "* ^ 9 ' UC0Se SenSOf " A "- in "hich the 
response current of the sensor .ncreases in correspondence with a decrease in the coefficient of variance at 
a glucose concen.rat.on of greater than 30 mg/dl. is superior to the glucose sensor "B" 
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Example 5 (Glucose Sensor >») 

Since the sensor of this example is the same as that of Example 4 except for the composition of the \ 
reaction layer 7, an illustration will be made here only on the reaction layer 7. ' 

The spacer 8 was bonded to the base plate 1 on which the electrode system had already been printed 
in a positional relationship as indicated by the single chain lines in FI6.2 in a manner similar to that in \ 
Example 4. thereafter, a piece of filter paper impregnated with GOD as the enzyme and potassium . ? 
ferricyanide as the electron acceptor was placed on the above-mentioned electrode system. And then the : j 

cover 9 was adhered to the spacer 8 in the positional relationship as indicated by the single chain lines in ; I 

FIG.2 to complete the glucose sensor. In this case, the diameter of the outer periphery of the reaction layer ; ( 

7 was about 3.6 mm and approximately in conformity with the diameter of the counter electrode 5. ] 

Glucose aqueous solution of 3 ul as the sample solution was supplied through the sample supplying * 
inlet 11a of the glucose sensor produced in the above-mentioned manner. Then, the sample solution rapidly 

reached a part corresponding to the air vent 13, and the enzyme and the electron acceptor in the reaction ? 
layer 7 on the electrode system were dissolved therein. 

At a given time after the supply of the sample solution, a pulse voltage of + 0.5 V on the basis of the 
voltage at the counter electrode 5 was applied to the working electrode 4, and the anodic current value 5 
seconds after the application of the pulse voltage was measured. The measurement gives a response 
current value which was proportional to the concentration of glucose contained in the sample solution. 

In Examples 4 and 5 just described above, the illustration has been made on the biosensors which 
employ the electron acceptor in the reaction layer, but it is also possible to configure a biosensor which i. 
does not employ the electron acceptor. That is, a technical advantage similar to those in the above- 
mentioned examples is obtained with a biosensor; wherein the electrode system is configured with platinum, 
gold or the like, and the reaction layer containing only the enzyme, or that containing the enzyme and the 
hydrophilic polymer is formed on the electrode system. In such a biosensor, the substrate concentration is 
determined based on the concentration ol hydrogen peroxide produced as a result ol the enzyme reaction, 
or the concentration of oxygen consumed by the enzyme reaction. 

In the above- mentioned examples, although the reaction layer is placed in close contact with the 
electrode system, the present invention is not limited to the biosensors configured by placing the reaction 



8 



EP 0 685 737 A1 



Further although the reaction layer is entirely formed on the electrode svstem in ih» =>h~ a .• 
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Claims 

1. A biosensor comprising: 
an electrically insulating base plate. 

an electrode system including a working electrode and a counter electrode which are provided on a 
principal face of said electrically insulating base plate, 

a reaction layer including at least an oxido-reductase, and 

an enclosure member having a hollow space constituting a sample supplying channel on said 
electrically insulating base plate, 

wherein substantially the whole part of said reaction layer is exposed to said hollow space. 

2. The biosensor in accordance with claim 1, wherein said reaction layer comprises an electron acceptor. 

3. The . biosensor in accordance with claim 1 or 2, wherein said reaction layer further comprises a 
75 hydrophilic polymer. 

4. The biosensor in accordance with claim 1 or 2, wherein said enclosure member comprises a spacer- 
having a slot with an open end which serves as a sample supplying inlet on its tip end and a cover 
plate laminated with said spacer. 

20 

5. The biosensor in accordance with claim 1 or 2, wherein a part of the bottom of said hollow space which 
is on said electrode system is substantially in conformity with an outer shape of said electrode system. 

6. The biosensor in accordance with claim 1 or 2, wherein said reaction layer comprises a carrier for 
25 carrying at least said oxido-reductase. 

7. The biosensor in accordance with claim 1 or 2. wherein said reaction layer is formed on said electrode 
system in close contact with said electrode system. 

8- The biosensor in accordance with claim 4, wherein said spacer has an arcuate part which is provided 
over said electrode system and is shaped in conformity with an outer shape of said electrode system. 

9. A method for producing a biosensor comprising the steps of: 
forming an electrode system including a working electrode and a counter electrode on an 

electrically insulating base plate, 

partitioning said electrically insulating base plate so as to define a section wherein said electrode 
system is to be exposed by combining an enclosure member with said electrically insulating base 
plate, and 

forming a reaction layer including at least an oxido-reductase in said section defined in the 
previous step. 

10. A method for producing a biosensor comprising the steps of: 
forming an electrode system including a working electrode and a counter electrode on an 

electrically insulating base plate, 

partitioning said electrically insulating base plate so as to define a section wherein said electrode 
system is to be exposed by bringing a spacer into close contact with said electrically insulating base 
plate, 

forming a reaction layer including at least an oxido-reductase in said section defined in the 
previous step, and 

bringing a cover into close contact with said spacer. 

11. A method for producing a biosensor comprising (he steps ol: 
forming an electrode system including a working electrode and a counter electrode on an 

electrically insulating base plate, 

partitioning said electrically insulating base plate so as to define a section wherein said electrode 
system is to be exposed by bringing a spacer into close contact with said electrically insulating base 
plate, 

forming a reaction layer comprising a carrier carrying at least an oxido-reductase in said section 
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defined in the previous step, and 

bringing a cover into close contact with said spacer. 

12. The method lor. producing a biosensor in accordance with claim 9 or 10, wherein said step of forming 
5 said reaction layer comprises forming a reaction layer including a hydrophilic polymer and an oxido- 
reductase. 

1a The method for producing a biosensor in accordance with claim 9 or 10, wherein said step of forming 
said reaction layer comprises forming a reaction layer including an oxido-reductase and an electron 
w acceptor. 

14. The method lor producing a biosensor, in accordance with claim 9 or 10, wherein said step of forming 
said reaction layer comprises forming a reaction layer including a hydrophilic polymer, an oxido- 
reductase and an electron acceptor. 

15. The method for producing a biosensor in. accordance with claim 11, wherein said carrier carries an 
electron acceptor. 

.16. The method for producing a biosensor in accordance with claim 10 or 11, wherein said spacer has a 
20 slot with an open end which serves as a sample supplying inlet oh its tip end. 

17. The method for producing a biosensor in accordance with claim 16, wherein said spacer has an arcuate 
part which is provided over said electrode system and is shaped in conformity with an outer shape of 
said electrode system. 
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Fig. 2 
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